Patients with severe coronary artery disease may have defects on initial rest myocardial thallium-201 (Tl-201) images which fill in over time. To study the time course and mechanism for this defect disappearance, a canine model of persistent reduction in regional myocardial blood flow was created using partial left anterior descending coronary occlusion with a balloon cuff. Radiolabeled microspheres to determine regional myocardial blood flow and Tl-201 were administered 20-30 minutes after constriction, and one group of dogs (n = 7) was killed 10 minutes, another group (n = 1)2 hours, and a third group (n = 6) 4 hours ater Tl-201 administration. Microspheres also were given immediately prior to death in the 2-and 4-hour groups and demonstrated no significant change in regional myocardial blood flow compared to 10 minutes. In the regions with 20-100% of normal flow, a linear correlation was demonstrated between 10-minute blood flow and Tl-201 activity at 10 minutes (r = 0.91; P < 0.001), 2 hours (r = 0.79; P < 0.001), and 4 hours (r = 0.66; P < 0.01) after Tl-201 administration. The slopes of the regression lines (Tl-201 vs. flow) became progressively lower between 10 minutes, 2 hours, and 4 hours, with a Tl-201 excess relative to flow in the ischemic flow zone. This was consistent with a relative increase in Tl-201 activity in the ischemic zone compared to the nonischemic zone and resolution of Tl-201 defects observed clinically. To determine the change in absolute myocardial activity of Tl-201, dogs in the 4-hour group also had transmural myocardial drill biopsies of both ischemic anterior and nonischemic posterior wall at 10 minutes after Tl-201 administration and immediately prior to death. These biopsies demonstrated that development of the Tl-201 excess relative to flow was significantly related to both release of Tl-201 from the nonischemic zone and accumulation of Tl-201 in the ischemic zone. These data show that the deficit of Tl-201 in an underperfused zone distal to a persistent severe coronary artery stenosis slowly resolves over time and that this resolution does not require restoration of normal blood flow. Both accumulation of Tl-201 in the ischemic zone and release from the nonischemic zone account for resolution of an initial Tl-201 deficit.
DISAPPEARANCE of initial myocardial defects noted after injection of thallium-201 (Tl-201) has been observed during serial imaging after excercise stress (Pohost et al., 1976 (Pohost et al., , 1977 Blood et al., 1978) or after an episode of variant angina (Maseri et al., 1976) . Previous reports using animal models have studied this phenomenon which has become known as "Tl-201 redistribution," and demonstrated its time course when occlusion was followed shortly thereafter by reflow. (Pohost et al., 1977; Schwartz et al., 1978) .
More recently, defect resolution has been observed in clinical situations where myocardial blood flow is persistently reduced during the serial imag-ing interval: (1) in patients with severe coronary artery disease and angina pectoris in the absence of clinical evidence of active ischemia and with presumed reductions in resting myocardial blood flow distal to severe stenoses (Gewirtz et al., 1979; Berger et al., 1979) , (2) in patients with unstable angina even during pain-free intervals (Wackers et al., 1978) , and (3) in patients with acute myocardial infarction (Smitherman et al., 1978) . In this latter group, Tl-201 defects were reported to diminish in size inward from the periphery, and this was thought to be due to filling in of an ischemic periinfarction area. The present study was performed in dogs (1) to demonstrate that resolution of Tl-201 deficits does not depend on reflow, (2) to define the time course for the resolution of such Tl-201 defects and, (3) to determine the role of Tl-201 release from nonischemic myocardium and accumulation of Tl-201 in the ischemic zone in relation to defect resolution.
Methods
Twenty adult mongrel dogs (mean weight 24 kg) were anesthetized with chloralose (140 mg/kg,iv) and urethane (1400 mg/kg, iv), intubated and ven- VOL. 48, No. 3, MARCH 1981 tilated with an Emerson respirator with 5 cm H 2 O of positive end expiratory pressure (PEEP) and 100% oxygen. The heart was exposed via a left thoracotomy and then suspended in a pericardial cradle. A 20-cm vinyl catheter was inserted into the left atrium for injecting microspheres. A #7 NIH catheter was placed in the brachial artery and positioned in the aortic arch to obtain specimens of blood for determination of arterial pH, Pco 2 , and P02. A 20-cm vinyl catheter was advanced from the opposite brachial artery to the aortic arch and attached to a Holter pump to obtain reference samples for microsphere determination of regional myocardial blood flow. A large bore cannula was inserted into the femoral vein for administration of fluids and blood. Both femoral arteries were cannulated and connected to a reservoir overflow column to maintain mean arterial pressure at 100 mm Hg. Blood from a donor dog was used to transfuse the study dog if pressure fell beneath 100 mm Hg. The left anterior descending coronary artery was dissected free just above the origin of the second diagonal branch and a balloon cuff positioned, but not inflated ( Fig. 1 1 Outline of experimental protocol. On the left is the canine heart with a balloon occluder around the left anterior descending artery (LAD). Mean arterial pressure was kept constant at 100 mm Hg and distal LAD pressure at 30-40 mm Hg. Twenty to 30 minutes after LAD occlusion, ^Sr microspheres were given via the left atrium followed by 201 77 intravenously. Seven dogs were killed after 10 minutes, seven dogs after 2 hours, and six dogs after 4 hours. 46 Sc-microspheres were given via the left atrium prior to sacrifice in the 2-hour and 4-hour dogs. monitored continuously throughout the experiment and recorded on paper with a Hewlett-Packard recorder (model #7788A). Specimens of arterial blood were obtained at frequent intervals to assess pH, Po 2 , and Pco 2 and appropriate adjustments made to maintain these parameters in the physiological range (pH 7.35 to 7.45 and PCO2 30 to 40 mm Hg). Arterial Po 2 was maintained above 100 mm Hg throughout the experiment. Figure 1 demonstrates the experimental protocol. After baseline steady-state hemodynamic measurements were obtained, the balloon cuff was inflated until the pressure in the distal left anterior descending coronary artery was 30-40 mm Hg, and adjusted for the duration of the experimental protocol to maintain the distal left anterior descending coronary artery pressure, and thus the ischemic arterial bed pressure, at the same level achieved initially. Small adjustments in the balloon cuff inflation pressure generally were required every 15-30 minutes to maintain a constant distal pressure. After the cuff had been inflated, a 20-to 30-minute period was allowed for stabilization of the preparation. Approximately two million 8-10 jam microspheres labeled with Strontium-85 (Sr-85) were injected into the left atrium and, shortly thereafter, 1.0-1.5 mCi of thallous chloride (Tl-201) were administered intravenously. The spheres were thoroughly suspended in 2 ml of normal saline and 0.01% Tween-80 by agitating them for 5 minutes in a Vortex mixer just before administration. Seven of the dogs were killed 10 minutes after Tl-201 administration. Seven dogs were killed 2 hours after Tl-201 administration and, in these, a second dose of microspheres labeled with Scandium-46 (Sc-46) was injected into the left atrium just prior to death. The total number, mean size, and total radioactivity of the Sc-46 microspheres were the same as for the Sr-85 microspheres. The remaining six dogs were killed 4 hours after Tl-201 administration. In these dogs, the second dose of microspheres labeled with Sc-46 was injected immediately prior to death. In addition, these dogs had transmural myocardial drill biopsies from the ischemic and non-ischemic zones performed at 10 minutes and immediately prior to death at 4 hours. These biopsies were obtained with a trephine needle (2 mm in diameter) attached to a high speed drill as previously described (Gewirtz et al., 1978) .
At the termination of the experiment, the heart was removed and the left ventricular free wall was dissected into an ischemic and a nonischemic zone. The ischemic zone was determined by dissecting along the branches of the left anterior descending coronary artery which was constricted by the occluder. This was subdivided into three sections-basal, middle, and apical. The nonischemic zone was divided into basal and middle segments. Both zones were subdivided into inner, middle, and outer segments. Each sample weighed 1-3 g.
Thallium Activity in Biopsies
The biopsy samples were placed in previously weighed glass bottles. The bottles containing the sample then were weighed in order to determine the weight of the sample. The material was counted in a y scintillation well counter for 5 minutes using a 50-90 keV window-width setting. The activity in each biopsy was then expressed as counts/5 min per mg. In these specimens, which were counted within 24 hours, Sr-85 and Sc-46 activities were found to comprise less than 1% of the counts in the Tl-201 window. The activity in the ischemic biopsy was expressed as a percent of the activity in the normal biopsy taken at the same time.
Regional Myocardial Blood Flow and Regional Thallium Activity
The ischemic zone and nonischemic zone samples were counted 3-7 days later after the Tl-201 activity had delayed enough to permit accurate counting. The samples were counted in a well counter for 5 minutes to collect at least 10,000 counts for each isotope. The Tl-201 was counted at 50-90 keV, Sr-85 at 442-586 keV, and the Sc-46 at 820-1300 keV. A computer program was used to correct for activity spilling from one window into another. Regional myocardial blood flow was calculated by the computer from the sample activity and activity in reference blood samples obtained simultaneously with the administration of each isotope (Domenach et al., 1969) . Tl-201 activity and microsphere flow in each ischemic sample were expressed as a percent of the average of the normal samples for inner, middle, or outer layer, respectively.
Statistical Methods
All results are expressed as mean ± SEM. The significance of a difference between means was assessed using Student's t-test. The significance of correlations between Tl-201 activity and regional myocardial blood flow was determined by using linear regression analysis. Differences in regression lines were determined using an analysis of variance for differences between slopes.
Results

Hemodynamic Data
The mean heart rate, mean left atrial pressure, and distal left anterior descending coronary pressure did not differ significantly between study groups and did not change significantly during the study. Mean heart rates initially, and at 2 and 4 hours, were 185 ± 6.2, 196 ± 17.2, and 184 ± 23.0 beats/min, respectively. Mean left atrial pressures initially, and at 2 and 4 hours, were 6.5 ± 0.6, 7.0 ± 0.8, and 8.1 ± 0.9 mm Hg, respectively. Mean distal left anterior descending coronary artery pressures initially, and at 2 and 4 hours, were 34.2 ± 0.9, 34.5 ± 1.1, and 31.2 ± 1.7 mm Hg, respectively.
Mean arterial pressure was maintained at 100 mm Hg throughout the experiment for all dogs.
Relationship of Tl-201 to Microsphere-Determined Regional Myocardial Blood Flow
Figures 2, 3, and 4 show plots of Tl-201 activity (% initial nonischemic) against initial Sr-85 microsphere-determined regional myocardial blood flow in the ischemic zone for dogs killed 10 minutes, 2 hours, and 4 hours, respectively, after Tl-201 administration. Each data point represents Tl-201 activity vs. microsphere flow values for each myocardial sample from the ischemic zone expressed as a percent of the average nonischemic posterior wall value for the particular layer (endocardial, middle, or epicardial). The wide range of blood flows demonstrated in Figures 2, 3, and 4 is due primarily to different flow reductions in individual dogs rather than to wide variations between dogs. Linear regression plots were restricted to flows between 20 and 100% of nonischemic flow for two reasons. (1) There were no points in the 2-hour studies less than 20% nonischemic flow. (2) become nonlinear at flows less than 20%. There was a significant linear relationship between Tl-201 activity and initial Sr-85-determined regional myocardial blood flow in the 20 to 100% of nonischemic blood flow range at the end of each of the three study intervals with r = 0.91 (P < 0.001) at 10 minutes, r = 0.79 (P < 0.001) at 2 hours, and r = 0.66 (P 0.001) at 4 hours. Figure 5 demonstrates all three regression lines for Tl-201 activity vs. Sr-85determined regional myocardial blood flow for dogs killed 10 minutes, 2 hours, and 4 hours after Tl-201 administration. The slopes and y-intercepts of each of these lines were significantly different from the others; the 2-hour and 4-hour slopes were significantly less than the 10-minute slope (P < 0.001) and the 4-hour slope was significantly less than the 2-hour slope (P = 0.05). The y intercepts increased significantly between 10 minutes, 2 hours, and 4 hours. These observations are consistent with the time-dependent resolution of ischemic zone defects observed clinically. The Tl-201 activity in the less than 20% nonischemic flow range has not yet been considered, although data are present in the 10-minute and 4hour studies. It is evident by inspection of Figure 4 that the relationship between flow and Tl-201 distribution 4 hours after thallium administration is not linear. In the range between 20% and 100% nonischemic flow, linear regression analysis was employed to evaluate time-dependent differences between Tl distribution (Fig. 5 ). To evaluate further the differences in Tl-201 content between 10 minutes and 4 hours, mean values for Tl-201 activity were calculated in the 0-20%, 21-40%, 41-60%, 61-80%, and 81-100% initial flow ranges. Table 1 summarizes these mean Tl-201 activities. For samples with initial blood flows 0-20% of nonischemic, there was no significant difference in mean Tl-201 activity relative to nonischemic zone Tl-201 activity com- FIGURE 5 Regression lines for 201 Tl activity vs. ^Srdetermined regional myocardial blood flow for dogs killed 10 minutes, 2 hours, and 4 hours after thallium administration within the range of flow between 20 and 100% of normal. These were extrapolated to zero flow for comparison (dashed portions of each of the lines). 88.6 ± 3.6% (n = 5) NS paring the 10-minute and 4-hour studies. However, for samples with initial blood flows 21-40% and 41-60% of nonischemic, Tl-201 relative to nonischemic zone Tl-201 activity was significantly higher at 4 hours compared to 10 minutes. In the 61-80% and 81-100% of nonischemic flow range there was again no significant difference in Tl-201 activity between 10 minutes and 4 hours.
Regional Myocardial Blood Flow over Time
There was no significant change in ischemic zone endocardial, middle, or epicardial layer blood flow during the 2-or 4-hour study intervals (paired ttest). Figure 6 demonstrates regional myocardial blood flow initially and at the termination of the 2hour study. Mean ischemic zone initial and final microsphere-determined blood flows in the 4-hour studies were 0.41 ± 0.03 and 0.41 ± 0.03 ml/g per min for the endocardium; 0.52 ± 0.03 and 0.48 ± 0.03 ml/g per min for the middle layer, and 0.80 ± 0.03 and 0.75 ± 0.03 ml/g per min for the epicardial layer.
There was an increase in microsphere-determined blood flow in the nonischemic zone in each of the three layers in both the 2-and 4-hour studies, although this did not achieve statistical significance for the 2-hour study. Mean nonischemic zone initial 5! 6 Microsphere-determined blood flow initially and 2 hours after 201 77 administration for endocardial, middle, and epicardial layers of myocardium. and 2-hour blood flows were 1.23 ± 0.10 and 1.43 ± 0.14 ml/g per min for the endocardium, 1.16 ± 0.07 and 1.36 ± 0.14 ml/g per min for the middle layer, and 1.27 ± 0.10 and 1.52 ± 0.19 ml/g per min for the epicardium. Mean nonischemic zone initial and 4-hour blood flows were 0.85 ± 0.07 and 1.27 ± 0.11 ml/g per min for the endocardium (P < 0.02), 0.83 ± 0.06 and 1.26 ± 0.13 ml/g per min for the middle layer (P < 0.01), and 1.00 ± 0.08 and 1.34 ± 0.08 ml/g per min for the epicardium (P < 0.05). Figure 7 demonstrates the relationship between Tl-201 activity expressed as a percent of initial The relationship between 201 77 activity (% nonischemic) and time following injection for the six dogs that had needle biopsies 10 minutes and 4 hour after thallium administration. The solid line represents change in thallium activity in the nonischemic zones of the six dogs. The heavily dashed line represents change in thallium activity in the ischemic zone of two dogs with mild reduction in myocardial blood flow. The lightly dashed line represents change in thallium activity in the ischemic zone of four dogs with moderate to severe reduction in myocardial blood flow. VOL. 48, No. 3, MARCH 1981 nonischemic activity and time following injection for the six dogs in the 4-hour group which had needle biopsies at 10 minutes and 4 hours after Tl-201 administration. At 4 hours, Tl-201 activity in the nonischemic zone decreased to 64.5 ± 5.3% (P < 0.01). In two dogs in which the ischemic zone biopsy demonstrated initial myocardial Tl-201 activity to be only mildly reduced (60-80% of nonischemic Tl-201 at 10 minutes), mean Tl-201 activity (% initial nonischemic) decreased from 77.2 ± 2.0% at 10 minutes to 63.2 ± 1.0% at 4 hours after Tl-201 administration (P = NS). In four dogs in which the 10-minute ischemic zone biopsy demonstrated myocardial Tl-201 activity to be moderately to severely reduced (<60% of nonischemic Tl-201 activity), mean Tl-201 increased from 38.2 ± 7.1% at 10 minutes to 57.3 ± 6.1% at 4 hours after Tl-201 administration (P < 0.01). When expressed as a percent of nonischemic zone activity, Tl-201 increased from 38.2% at 10 minutes to 88.8% at 4 hours in the moderately to severely ischemic studies consistent with nearly total resolution of a Tl-201 defect by 4 hours of serial imaging.
Changes in Transmural Tl-201 Activity between 10 Minutes and 4 Hours after Tl-201 Administration as Determined by Needle Biopsy
Discussion
The disappearance of initial defects during serial imaging, after injection of Tl-201 at rest, has been observed in several clinical situations. Gewirtz in our laboratory found that defects on early rest Tl-201 images also could be present in patients without evidence of myocardial scar or acute ischemia, but with severe coronary artery stenoses (Gewirtz et al., 1979) . These Tl-201 defects were thought to be related to a resting reduction in regional coronary blood flow due to severe coronary arterial stenoses without clinical ischemia. Cannon et al. (1975) and Klocke (1976) have observed reduction in regional coronary blood flow at rest without other evidence of ischemia using Xenon washout. Gewirtz et al. (1979) also demonstrated that these resting Tl-201 defects related to underperfusion tended to resolve in later images obtained over a 2-to 4-hour period while defects related to previous infarction tended to persist. Thus, underperfused myocardial zones appeared to attain a Tl-201 concentration equal to that of zones supplied by vessels without angiographically apparent disease over a period of minutes to hours. Wackers et al. (1978) also observed transient Tl-201 defects on serial Tl-201 images in patients with severe coronary artery disease and unstable angina, but who were asymptomatic at the time of Tl-201 administration. Finally, Smitherman et al. (1978) demonstrated a reduction in initial Tl-201 defect size in patients with acute myocardial infarction during serial imaging. The reduction in defect size was thought to be due to delayed Tl-201 uptake in the ischemic peri-infarction zone. The results of the present study demonstrate the time course and the mechanism for Tl-201 defect resolution in myocardium with persistently reduced regional blood flow.
Thallium Uptake in the Ischemic Zone Relative to the Nonischemic Zone
The present study demonstrates that early Tl-201 distribution is strongly dependent on perfusion (Fig. 2) . There is, however, a slight offset of the 10minute regression line above the line of identity with a Tl-201 excess at low flow, not present at normal flows. A similar correlation between early Tl-201 distribution and regional myocardial perfusion was reported by Strauss et al. (1975) . A relative excess of Tl-201 in regions with low flow, as determined by microspheres, is thought to be related to more efficient tissue extraction with more prolonged exposure (Sangren and Sheppard, 1953) .
A significant linear relationship also exists between initial microsphere-determined blood flow and Tl-201 activity at 2 hours (r = 0.79) and 4 hours (r = 0.66) after in the 20-100% of nonischemic flow regions. Thallium-201 content in underperfused zones tends to normalize over time. This is reflected by a progressive increase in the y intercepts of the Tl-201 vs. flow plots (16% at 10 minutes, 40% at 2 hours, 52% at 4 hours). Thus, the present study demonstrates that Tl-201 activity increases in ischemic relative to nonischemic myocardium between 10 minutes, 2 hours, and 4 hours in dogs with persistent reduction in coronary blood flow; the findings are consistent with resolution of initial defects in myocardial images at rest. This increase in Tl-201 activity in the ischemic relative to the nonischemic zone occurred without change in ischemic zone blood flow during the 4-hour experimental period and despite an increase in blood flow to the nonischemic zone.
Thallium Accumulation in Severely Ischemic Zones
Since there were no samples with flows below 20% of normal in the 2-hour studies, the relationship between Tl-201 activity and initial microsphere-determined blood flow were compared for blood flows <20% of nonischemic only at 10 minutes and 4 hours. This severely ischemic zone did not appear to display the excess in Tl-201 over flow at 4 hours. It is reasonable to consider that this severely ischemic myocardium became irreversibly injured during 4 hours of insult. Ingwall and associates have demonstrated in vitro, in the flow-independent fetal mouse heart organ culture model, that Tl-201 accumulation becomes impaired following an ischemic-like insult when irreversible damage occurs (Ingwall et al., 1979) . Thus, the inability of the severely ischemic zone to maintain an excess of Tl-201 relative to flow probably is related to the diminished capacity of this zone to accumulate Tl-201 due to loss of viable myocardial mass.
Relative Contribution of Washout from Normal and Accumulation into Underperfused Zones
The relative contribution of release of Tl-201 from the nonischemic zone and accumulation in the ischemic zone was defined in the 4-hour studies by transmural needle punch biopsies in the ischemic and nonischemic zones at 10 minutes and 4 hours. Values for the nonischemic zone decreased to 64.5 ± 5.3% of the 10-minute level by 4 hours after Tl-201 administration. This value is consistent with previously reported determinations of Tl-201 washout from normal myocardium (Schelbert et al., 1977; Beller et al., 1980) . The data were analyzed separately for the two dogs with mildly reduced 10minute transmural Tl-201 activity (60-80% nonischemic activity), and the four dogs with moderate to severely reduced 10-minute transmural Tl-201 activity (<60% nonischemic activity). There was no significant change in ischemic zone Tl-201 activity over the 4-hour period in the group with only mildly depressed initial values for Tl-201, whereas in the group with moderately to severely reduced initial activity, mean ischemic zone Tl-201 activity increased significantly (38.2 ± 7.1% to 57.3 ± 6.1% of initial nonischemic zone activity). It appears that both net accumulation of Tl-201 activity into ischemic zones and net release of Tl-201 from nonischemic zones account for resolution of initial deficits of Tl-201 in the presence of severe coronary stenosis when Tl-201 is administered in the resting state.
At 4 hours after isotope injection, Tl-201 activity in the moderately to severely ischemic zone was 88.8% of that in the nonischemic zone. This is comparable to our previous findings when tracer was administered during a 20-minute period of coronary occlusion and reflow was instituted for 100 minutes (Pohost, 1977) . Mean Tl-201 activity increased to 77 ± 6% of nonischemic zone activity. Thus, despite an initial rapid increase in activity after release of the coronary ligature, the Tl-201 activity (% nonischemic) tends to normalize in a comparable time in dogs subjected to reperfusion and in dogs with a persistent stenosis.
Although the basic mechanism for slow accumulation of Tl-201 in the persistently ischemic zone has not been defined precisely, it would seem reasonable to speculate that the mechanism is related to Tl + gradients between blood and myocardial cells. Ingwall et al. (1979) have suggested that the rate of Tl-201 uptake by the myocardial cells of the cultured fetal mouse heart is not compromised until a severe ischemic-like insult produces irreversible damage. Accordingly, the viable myocardial cells in the present canine model of persistent underperfusion would be anticipated to continue extracting Tl-201 at a normal rate until a membrane determined gradient is achieved. Since blood Tl-201 levels drop rapidly after intravenous administration (Beller et al., 1980) , the myocardial zones that are normally perfused achieve their maximal level of Tl uptake rapidly and then begin to release Tl-201. The cells in the underperfused zone, having been exposed to less Tl-201 early, must continue to extract the tracer from the very low level in the blood pool until they achieve a peak. The more severe the underperfu-sion, the later the peak. The peak myocardial cellular level is probably related to the ability of the cell to extract the Tl-201 (a function of cellular integrity) and the level of Tl-201 in the blood. Our data suggest that the appearance of filling-in of an initial Tl-201 defect on serial images appears to be related to both release of the agent from the normally perfused zone and uptake of the agent into the underperfused zone.
Clinical Implications
Defects on Tl-201 imaging after injection at rest have been demonstrated previously in viable zones supplied by severely stenotic coronary vessels (Gewirtz et al. 1979) . The present study corroborates these findings in an animal model. Furthermore, the ability to determine directional changes in ischemic zone Tl-201 activity through the development of reliable quantitative approaches could help differentiate between nonischemic, mildly ischemic, and moderate to severely ischemic myocardium. Moderately to severely ischemic zones accumulate Tl-201 while nonischemic zones release the tracer. Mildly ischemic zones show no net Tl-201 change.
In conclusion, thallium-201 redistribution occurs in myocardium supplied by a fixed coronary stenosis despite persistent reduction in blood flow. This increase in activity with time in ischemic relative to normal zones accounts for filling in of early defects on rest Tl-201 scans and is related to two processes occurring simultaneously. First, actual net accumulation of Tl-201 leads to increasing Tl-201 activity in the moderately to severely underperfused myocardium. Second, net release of Tl-201 leads to decreasing activity that is most marked in the normally perfused regions. Mildly underperfused segments demonstrate no net change in Tl-201 activity.
